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MATERIALS AND METHODS 0? COIISTRUCTI OIT IK LIGHT, STRUCTURES* 

3y Adolf Rohrbach 

I wish, first to tlidnk tlie W , G- , L • (T7i s s en s chaf 1 1 i clie 
Ge sell schaf t fur Luftfahrt) for invitin£!; rne to spealr on 
the problems of liglit construction* 

At first I did not know just '^vhat thi s ' sub j e ct was 
intended to cover but, after corresponding with irxei-ibers of 
the lecture coninittee' of the 17.G.L., I decicLed t o . di scus s 
princi"jpally material and production problems. 

Lecturing on these practical questions is. a little 
difficult for mo as the representative of a,n a>irplano- 
const ructi on firm, since my hnowledgo is naturally ono- 
sided and, being still at the beginning of the dovolopmcnt 
of airplane construction, it is not yot easy to formulate 
general principles. 

Since I cannot therefore give a comprehensive and ac- 
curate description of the methods of production of wood 
and liietal airplanes employed in foreign countries and by 
other Germ.an firms, I will simply present my own views, 
hoping that just this one- sidedne s s will call forth a 
frxiitful discussion a,nd corresponding contributions from 
the r epresenta,tives of other firms rega,rding other meth- 
ods of c onstriiction. 

The many conditions which must be satisfied in the 
construction of an airplane, fall into two principal 
groups, namely, conditions of const riicti on and of use. 

The most inportant' conditions of use are, e.g., all 
the factors affecting tho performances, such as structuiral 
safety, one or more wings, one or more engines, aspect 
ratio, flight charact or i sti c s ,. arrangement of seats, land- 
ing gear, floating stability (of seaplc?aies) , bulkheads, 
strength of bottom stiff eners , protection against corro- 
sion , e t c . 



*"Sntwurf und. Auf g?/aen des Lei cht baue s . " Erom. Ye^irbooh of 
the Wissenschaf tliche Gesellschaft fur Luftfahrt, Dec.,- 
1925, pp. , 54-^78. 
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to 4007b, as shov/n oy th.G followin/5 figures: Berlin, 1.25 
gold marlcs; Stuttgart, 0,98; Coponhagon, 1.70; Italy, 
0.40; En^l^-nd, 1.35. 

Political influences may affect the cost of produc- 
tion similarly to the aDove-mont i onod difforonccs in 
wa.ges. In this connection your attention is called to the 
position of the French firms, some of which manufacture 
on a, very large scale, and to most of the German and many 
.of the English firms, which now make only single airplanes 
or very small series. 

In the course of time, however, the rates of exchange 
and the ^7age levels of the different countries v/ill ap- 
procich one another near enough so that the production 
costs will "be everywhere approximately the same, provided 
the .different efficiencies of the individual workmen, as 
also the different taxes, special levies, duties, etc., 
arc considered. 

The W.G.L. has hitherto devoted itself almost exclu- 
sively to aerodynamic, or strength prolilGms. In this re- 
S'oect, we have " alrea,dy made so much progress tha,t a re- 
duction of 10^ in,the drag or in the weight of an airplane 
represents- a remarkahle impr ovornent . 

As regards production prohloms, however, we have made 
so little progress that differences of 100^ or more in the 
prodiiction time are almost the rule for airplanes which, 
at first glance are seemingly similar and which, moreover, 
seem equally well adapted to their purpose. 

As a scientific society, the T.G.Lt can take no di- 
rect interest in the costs as such, "but only in so far as 
they determine the limits for the application of scien- 
tific data with respect to the greatest possihle fulfill- 
ment of purposes and . practical development in particular 
directions, in which applied science must precede in or- 
der-to assist in solving the aerodynamic and strength 
problem.s involved. This influence of the production proh- 
iems has always oeon present, hut in the fixture it will he 
increasingly decisive for the success of certain designs, 
because they will differ so little in their suitability 
for a given purpose, hut prohaoly v-ery much at first in 
their production costs, 

I will . now di scuss- brief ly a few . questions which af- 
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"becar.se a good metal airplane generally differs as a whole 
or in its exterior diraensions from the corro spending wood 
airplane, so that a skeptic can have doul)ts as to whether 
the oettor performance of the metal airplane is not ascrio 
able to the more favoraole dimensions or to the bettor 
weight ratio. 

Duralumin or Steel? 



Corresponding to the specific weights of duralumin 
and steel, tension memliers made of the latter are first 
eqiiivalcnt to duralumin mcmoers of the same weight at a 
tensile strength of 110 kg/mm- (155,460 Ib./sq.in.). 

Different duralumin parts are generally joined "by •• 
duralumin rivets of the same strength, so that- such junc- 
tions involve only the wealcening of the rivets. In this 
respect steel constriicti on is less favorable because there 
are no rivets of 110 kg/mm^ tensile strength, but ordina- 
rily of only o0-40 kg/mm^ (42,670 to 56,090 lb . /s.q . in . ) . 
rience relatively many rivets must be used to join such 
steel Darts and, in order to provide sufficient rivet area 
more for steel than for duralumin. If the cross section 
of the steel mem.ber is to be fully utilized, there xiust 
be an enlargement of the rivet field at the junctio^n place 
in order to trovido space for all the rivets, which- in 
turn denotes a similar loss in weight. In order therefore 
to preserve the equal weight of the whole stool structure, 
the" steel would need to have a strength of about 130 kg/ 
mm^ (185,000 Ib./sq.ino) with respect to this loss. Since 
the tools are not sufficiently stronger than such hard 
striictural steel, much time would be required for the work 
which would be accompanied by great wearing of the tools. 

Moreover the cross sections of such steel members are 
very small-, and they must therefore be made in the form 
of hollow sections or profiles with respect to an adequate 
inertia moment, the result being a very thin wall.^Such 
profiles 'must generally be strengthened by all possible 
kinds of longi tudi-nal corrugations, in order to .prevent- • 
local buckling. Such profiles are very difficult to join 
together and could never be used in practical machines. 

Since the hollow members mostly consist of several 
parts joined by longitudinal rows of rivets, another dif- 
ficulty in connection with the joining is ocaasioned by 
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Opon or Closod- Prof ilos? 

Opon sections or profiles aro made oy passing strips 
of sheet metal "botv/-con suitably shaped rollers. In pro- 
paring sma,ll quantities for e:s:p er imont al purposes (up to' 
several hundred rxioters) , it is cheaper to use a drawplato, 
thus saying ercponsc for tools and apparatus. 

Closed sections or profiles are ahout 20^ more ex-' 
pensive than opon ones, since they nust consist of at 
least two opon profiles with longitudinal riveting. Even 
duralumin tuhes aro considerably more oxponsivo (40-60fo) 
than duralumin profiles, because they are relatively brit- 
tle and, between the drawing operations, must be repeatedly 
annealed in salt baths, which are likewise very expensive 
on account of the great heat consumption. Many duralumin 
tubes must be heated 30-40 times diiring the course of 
their production. 

The junctions of closed profiles are often heavier and 
more expensive than the junctions of open profiles with 
gusset plates. As compression struts, closed profiles are 
generally lighter than opon profiles. This advantage is 
often nullified, however, by the greater weight of the 
junctions. In our airplanes, thoroforo, wc have increas- 
ingly restricted the use of closed profiles. Opon pro- 
files can also be more readily protected a.gainst corrosion 
than closed ones, the inside of which can neither be in- 
spected nor painted. 

The danger of corrosion is of especial importance 
for seaplanes, on v/hich, for the same reason, all duralu-- 
min parts must be painted before being riveted together. 
In order to effect a still further improvement, we have 
recently adopted measures to make all spaces between the 
profiles and adjacent parts so tight that water cannot get 
between any structural parts,- but can only wet their ex- 
terior surfa.cGS and evaporate without doing any harm. In 
particular, every closed profile on a seaplane constitutes 
a corrosion risk, chiefly, of course, in the parts con- 
stantly in contact with the water. Even in the most care- 
ful construct ion^ i t • i s . dif f i cul t to prevent the water 
from getting between; the metal shoots and the closed pro- 
files. Even if this is proypnted on the new seaplanes, 
the pa.rts will surely be sprung in use, so that water can' 
got in and cause corrosion without being noticed at first. 
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Where the material has to bo profiled J?or the otten- 
tion of {greater iDuclclin^^ strength, the profiles should "bo 
open. Prom this there results a type of construction sim- 
ilar to that of a ship, with a supporting covering, and 
the necessity of making the wing and tail of separate riv- 
eted parts assembled by screws 'and bolts. 

The suitable location of the junctions greatly affects 
the cost of production. Formerly wo screwod the wing spars 

to the stu.bs projecting from the ftiselago. TTe then con- 
structed a triple wing girder, the middle piece of which 
was secured by screws in a recess in the top of the fuse- 
lage and to which, moreover, both the other- pieces were 
screwed. Subsequently we screwod the middle section of 
the three-part wing to the top of the fuselage and joined 
the outer wing spars to it as before. In later airplanes 
we returned to the former method of joining the wings 
to the stubs projecting from the fuselage. Fittings of 
high-resistance steel were used at the junctions. 

Despite the fact that chrome-nickel stool has quite 
a high electric tension as compared with duralumin, corro- 
sion in those junctions cc.n be entirely prevented by care- 
fully painting the steel fittings with ocher, so that no 
water ca.n get into the joints. 

Although I consider the constructional method intro- 
duced by us, with smooth metal sheets and open profiles, 
as the simplest, I do not wish to be understood as not 
recognizing the advantages of wood airplanes or steel-tubing 
fuselages for special purposes. I regard all these other^ 
constructional methods, however, only as convenient transi- 
tional methods, which sooner or later will be gradually 
replaced by the simpler duralumin construction. 

After* these more general remarks, I will now try, by 
means of a few examples, to give you an idea of how we are 
endeavoring to reduce the cost of production. The facto- 
ry ca,n 'operate economically only when the material and all 
working Instructions are- carefully prepared. This means 
the presence of absolutely complete working drawings and 
li st s of par t s e 

The working drawings inilst cover not only the princi- 
pal parts, such as the wings and fuselage, but also all 
small parts, such as control rods, engine governor, in- 
strument arrangement, floor supports, etc. Even' the point s 
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suited to small-scale production, it may "be' very econom- 
ical in mass production. In mass prodiiction it . is, of 
course, obviou-s that even expensive equipment may not iil- 
timately greatly increase the cost of the individual air- 
planeo Of cour se ' cheaper equipment would still further 
reduce this cost« Lloroover, evezi an article in mass pro- 
duction can ho superseded hy hotter typos, thus causing 
the loss of much ca,pital through the scrapping of the ex- 
pensive oq^^ipmont. v/hilo , in tTio c on t r ary c as o , conversion 
of the factory would he greatly facilitated, Ohvipusly 
the equipment for making a given typo of airplane would 
always ho more extensive and comploto, the larger the 
series to be producedo The difference in cost between the 
equipment required for an airplane of simple design and 
one of more elaborate design will theroforo always he rel- 
atively the same. 

In individual construction, all the transverse frames 
ribs, fittings, etc,, are tested separately, in order that 
any defects may not be first discovered in assembling, 
when they would cause loss of time, or even later in the 
finished airplane, where they might do still more harm. 
The assembling is greatly accelerated by having all connec 
tions, boarings for the conduits, control rods, instrument 
and all the parts roady in advance. By such methods wo 
have effected a saving of 30-50^- in time. 

All orders arc calculated by a practical system and 
their corresponding production times conparod. Thus a roc 
ord is obtained of the work expended on the airplane it- 
self and also of the "unproduc t ivo " work expended on the 
factory equipment « In like manner a record is kept of the 
time spent in the preparation of the working drawings.^ 
Th'is ail time-robbing mothods were testod and in many in- 
stances wore t'reatly simplified. 

All changes in design are immediately introduced into 
the drawings," In order that this nay not be overlooked, 
the head of the workroom calls attention in writing to all 
corrections and changes, which must then be made in the 
drafting room. A complete set of the drawings and lists 
of parts is filed for every airplane, so that,^in connec- 
tion with any subsequent experiences of this airplane, it 
is always possible to tell just how any given part was 
made# 

The whole system of cooperation between the dra^fting. 
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Wl^on roforrod, to oqual weight, Bomowhat loss than 60fJ 
of the workinj^ time usod for the wing girder a was ro*- 
quirod for tho wing gird.or Id of tho commorcial airplano. 
This iinprovomont cxtondgd to all parts of tho wing girdor, 
sinco the shares of tho different working tines wore ap- 
proximately equal for the girders a and "b . 

The f;reatest saving was --.pro D ably in the assemlding 
and riveting of the longitudinal walls, wherohy working 
times in the ratio of is/s wore attained. This improve- 
ment wa.s effected, in tho first, place, by .a simple stamp- 
ing process, by which the edges of the openings in the lon- 
gitudinal walls, corresponding to template,, were worked 
out by a stamping tool, and in the second place by machine 
riveting. (Figures 3 and 4«) 

. Figure 5 . shows the longitudinal wall of a wing girder 
in \ihich the diagonals -are reinforced by riveted sections 
or profiles instead of by bending otit the edges of the 
openings^ The present method of bending out t>ie edges of 
the openings according to a. template is considerably more 
practical, hov/ever. 

Table II gives the relative working times for the pro- 
duction of tho whole wing, whose girders formed- thq baais 
of Tablo I. 



Table II. Working Times for the Wings 



Kind of work 


Airplane a 


Airplane "b 


Making wing girder 




55fo 


" leading-edge formers 


10 


11 


" end-rib formers 


7 


7 


" aileron " 


10 


9 


" ailerons 


18 


6 


" wing cap 




8 . 


As sembl ing wing 




4 


Total 


lOOfo 


. 100^ 



If the working time for the whole wing is referred to 
equal . weight , the saving for v^ing b, as compared with 
wing a, "is only 31.5)0 against ^Ofi for the girder alone. 
This is. because the rounded wing tips, which we here made 
for the first time, are quite expensive. The time required 
for as semblxng ■ the wing is quite small; much smaller, in 
fact., than the .saving made in the individual, parts due to 
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was introduced with the result that the working times were 
immediately reduced more than one-half* The improvement 
from g to h was then effected hy a structural change 
which, unfortunately, I cannot yet describe for reasons 
connected with its patentin;^. 

Similar examples could l)e mentioned in any desired 
number* For example, the working time for the production 
of externa.lly similar floa.ts was reduced 40^ "by the sim- 
plification of the frame and a practical method for the 
main f a^stonin;^. • • 

I think there i s no need of further examples to show 
how groat savings in working time can yet bo made. I am 
.confident that, even without very large-scale production, 
provided wo obtain enough orders to mainta,in the factory 
personnel at the present number of several hundred, in a 
.year or two we can attain working times of less than half 
the present fairly short ones. Metal airplanes, even when 
made on a small scale, will then cost considerably less 
than wooden ones, do now^ 

In the T^.G-cL, lectures, probleii^s are discussed from 
all standpoints and possibilities, as to how performance 
can be increased per unit v^eight of the airplane or per 
unit weight of fuel, etc. Therefore, I wish to thank 
the YfrG-.L. for this opportunity to discuss the possibili- 
ties- of an hour of huma.n work, which is, after all, our 
most valuable asset, 

G .0 m m e n t s 

3n{;incer Spior'.el.- Dr. Hohrbach^s address is espe- 
cially, v^el come , because it introduces pure production 
problems into the circle of those previously discussed 
before the W.G-.L, Sven though, as tlie speaker remarked, 
such qtiestions have little to do with pure science, they 
still stand in mutual relations with the latter. Science, 
on the one hand, assigns certain tasks to the producer^ 
while, on. the other hand, production problems often afford 
the incentive to now scientific roscarchos. 

It would therefore be very desirable in future to 
have, such questions often discussed before the .W,.Ct.L . , and 
thus develop a lively excha,nge of ideas between the dif- 
ferent producers. How advantageous such an exchange of 
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These difficulties do not exist for large airplanes, 
where there is generally an aoundance of tiiTie at one^s 
.disposal and where the cost of the first airplane is not 
t^enerallj so important, so that wood is eliminated. 

As regards t.he relative merits of steel and light 
metal, I wish to call attention to the fact that, in vari- 
ous cases for the dimensioning of certain parts, not the 
strength hut the stiffness is the determining factor, Por 
example, in heavily loaded cantilever monoplane wings, 
torsion c orruga-t i on s for a.ilerons, etc., the ratio 
modulus of elastic iAZ:h-P.r_ s^ie ar determinative for the 

specific weight 
"behavior of the various metals with respect to stiffness. 

This ratio is approximately the same for steol and 
light metal, wherehy it must, however, he rememoered that 
the modulus, of elasticity always has approximately the 
same value of 2,150,000 for nearly all kinds of steel, 
even those of less strength. Hence if one is compelled, 
for- the sahe of rigidity, to make a part larger than would 
"be necessary for strength alone, a poorer quality of steel 
of 50-.60 kg/mm^ (71,113 to 85,340 Ih./sq.in.) can safely 
he -\sed, without making the part heavier than light metal, 
with the advantage of oeing considerably cheaper. 

As regards the advantages and disadvantages of open 
and closed'profiles, I agree entirely with the speaker. 
It cannot "bo denied, .however, that for very large airplanes, 
due to 'the given structural possibilities, the closed pro- 
file, especially in the form of tu'oos, may have decided 
advantages, when it is possible to avoid the di sadvant a,:e s 
otherwise inherent in the closed profile. This can oe 
easily accomplished hy special constructional devices. 
The chief advantages of a tuhe over a com^'oinat i on of two 
open profiles are: 

. 1. Greatest utilization of the cross section, espe- 
cially for heavily stressed compression struts; 

2,. Elimination of t>j.e 1 on :;i tr.dinal seam; 

3. Convenient workaoility and hence gradual adapta- 
hility of the cross section to the generated forces 
"by simply screwing one section over another; 



4. The "butt Joints can oe made with simple screw 
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Director" Hllttner,- I consider it a particularly happy 
tlior.glit of the WoG-,L. to ^jive one of our most prominent 
airplane constructors the opportunity to speali at this 
yearns session on airplane material and production proh- 
lems. This su'oject is especially appropriate for the pres- 
ent time, when our airplane industry, larr:Qly freed from 
the oonds of the London ultimatum, is on the threshold of 
a new phase of development. As compared vrith the indus- 
tries of other countries, our G-erman airplane industry is 
ooliged to struggle for existence oecause, aside from a 
few sport airplanes, it can produce only commercial air- 
planes-, since it is Darred from the most important field, 
that of military airplanes. It m.ust therefore stake ev- 
erything on developing the field remaining to it as thor- 
oughly as possible, a problem which will oe solved only 
when it succeeds in an over increasing extension of air 
traffic and in reducing the cost so that great nu.mbors of 
our people will ho enabled to travel by airplane. 

The cost of flying depends chiefly on throe factors: 
fuel consumption^ original cost of airplane, and amorfi- 
zation. When calculated per passenger for all throe of 
the factors a considerably less favorable result is ob- 
tained than for transportation by railroad or automobile. 
Airplane manufacturers and air-traffic companies must 
therefore cooperate to reduce those costs. The .fuel prob- 
lem may soon be solvod favorably -for Gorman air traffic 
since , ■ although Germany constitutes but a small, part of 
the world^s fuel market, there is just developing an ad- 
vance of the powers on the Gorman market, which betokens^ 
possibilities" regarding its relative importance and which 
may again change Gormany from an object to a siibjoct of 
world poli tics. The work of the* dye trust in obtaining 
liouid fuels from coal is becoming increasingly important 
and may yet make Gormany independent of other countries 
for its fuel supply and considerably rediice the cost of 
the fuel « 

In the' second place, the cost of flying depends on the 
original cost of the aircraft and., through this, also on 
the third factor, the cost of amortization. Though the 
amortization of the engine is a more important factor than 
that of the cell, the latter constitutes, however, so large 
a percentage that any reduction in its cost must materially 
affect the 'cost of amortization. Hence, if air traffic^ is 
•to be made cheaper, the airplane* industry can make a sub- 
stantial contribution by reducing the cost, of production. 
Dr'^ Rohrbach has already' indicated, in his very interest- 
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and iiia.de the condition tliat for equal vrei^fnts the steel 
must have a strength of 40 (7.8 2.8) --"^ ahout 110 hg/:am^ 
(156,459 lb. /sq. In.) . 

This condition, however, is not fully applicahle, oe- 
cause the .choice of a material ca,n never be "based on its 
tensile stren.r^th alone. At "best this coi-'.ld oe the case 
for purely tensile parts, and then only when the latter 
are not comlJinGd with otiior parts which could •z'e affected 
by their deformation. An exanple will illustrate this. 
A Cc^nt Hover /;?;irdor is supported by a rod which is a pure-- 
ly tension menber. On the assunrption that the rod is a. 
stool one with a tensile strength of 80 kg/rnm^ (113,788 
Ib./sq.in.) requiring the area P, a corresponding rod of 
duralumin would require an area- of 2?. On this assump- 
tion and on the basis of the tensile strengths alone, we 
obtain for the steel rod a weight excess of 7.8 : (2 X 
2,3) = 1.39 as compared with the duralumin rod. In order, 
hovfever, for the girder to receive the same stresses in 
both cases, the deformation of both rods must be the same. 
He::ce wo must have ^ (220 ; 70) Pg 3,15 (the e::- 

prossion 220 : 70 representing the ratio of the moduli 
of elr.sticity of the ma.terials compared). 

Since t'.ie ratio of the specific weights is only 7.8 : 
2,3 ~ 2«3, the alum.inum rod, on the a.bove assumptions, 
will be heavier- to the amoiint of 3,15. : 2,8 - 1.12. If, 
therefore, the duralumin rod should be given only tiie same 
weight r?.s the steel rod, then under certain conditions, a 
corr c s"Oonding excess weight v/o\ild have to bo given the 
girder. 

The above statement is lihewisc applicable to compres- 
sion struts. Siich a strut, if it satisfies the Euler 
formula,, can bo m.ade lighter of stool than of duralumin. 
Even a girder subjected to bonding stresses, in which some 
bending deform.ati on is to be expected, can. be made lighter 
of steel than of duralumin. 

In lattice girders the lattices can v/ell be duralumin, 
since t:ie. effect of their deform.ation on the total defor- 
mation of -the girder is extremely small (See Schwengler, 
"Elastizitat stheorie im Tlisenbau"). I-^^ ^'^ actual girder 
test, the deform-ation of the lattices was found to be only 
5fo of tiie total deformation. 

An important factor in the choice of the materials is 
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and lience with the sane tensile stren.'^th as the riveted 
material, ar'e r.sed, while it has Ion:: oeen customary in 
steel construction to use iron rivets consi dor aloly softer 
than the riveted steel. Consequently, the rivet-hole re- 
lations can. in no case oc loss favoraolo for steel with 
iron rivets than for duralumin with d'aralumin rivets. The 
relation is unf avor ahle , howover, for duralumin with iron 
rivets. As started "by the speaker , the Rohrbach Company 
uses steel for spar fittings. It is obvious that those 
steel fittin^^-^s for duralumin can never be lighter tha.n 
steel fittings for steels 

I would summarize my conclusions regarding the choice 
ox materials as follows. The choice of building materials 
cam oe ma-de only from consideration of the given static 
relations, economy and practical experience for each indi- 
vidual case. I assume it to be obvious that the whole ma,- 
terial problem can relate only to the construe ti 021 of 
highly stressed structural parts. As a matter of experi- 
ence it is hnown that the weight of such parts constitutes 
about 8^ of the dead load of a.n airplane and the time re- 
quired to constrxict them, abor.t 7^ of t:ie time reqiiired to 
"build the whole airplane. 

? 0 r m e r n av al ar ch i t e c t 3a.a t z_ . - Dr. Rohrbach spol^ie on 
the auestion of airplanie materials. On the one hand he 
com:oared wood a.nd metal and, on the other hand, duralumin 
and'gteel. His contention is probaoly correct that the 
development of the a.,irplane will follow the co^irso of do- 
volopmoilt of all other vehicles, cars, ships, etc., from 
wood to metal construction. This is due to the diffic'Alty 
of obtaining sufficient wood of uniform structure for the 
production of any article on a large scale. As to what 
the metal of the future is to be, there is still a great 
divergence of opinion. Tr. Rohrbach compares steel having 
a tensile breaking strength of over 100 hg/mm^ (142,235 
lb . /sq . in. ) with aluminum alloys having a broc'vl-^ing strength 
of 40\g/mm^ (56,890 Ib./sq.in.). The general fact that 
metal of specifically great strength unfortunately has a 
very smoj.l elongation, has compelled mechanical engineers 
in general to refrain from approaching the upper limit of 
strength and to prefer ma.terials with a relatively great 
elongation. I recall,., for example, that steel, with a 
strength of ' 50-50 hg/mm^ ' .(71., 11 8 to 35,340 Ib./sq.in.) and 
an elongation of 10-12;^, can be produced cheaply in any 
desired quantity. ITever tl:.ele s.s , t:iere is used in great • 
q\ir-,nt i t i e s , in the construction of vehicles steel of low- 
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al and stool, tho liglit uetal is novor attacl^ed. These 
exp or iment a.l ro suits are confirmed loy experience. 

Although I naturally agreo with Dr. Eohroach that en- 
tirely closed profiles do not wear as well in use as open 
ones, a good protective coa-t inside a closed profile lasts 
better than a like coat on exposed surfaces. Experience 
ha.s shown that structural parts suffer most where, throu/yh 
lacli: of proper care, tho protective coat is removed "by 
mechanica,! injuries and fails to be renewed. It seems to 
he established that li.ght-metal parts require tho greatest 
attention, even in use. 

Dr. Hohrbach^s arguments v/ere especially interesting 
as regards the possibility of reducing the production 
costs by suitable equipment o In general, the equipment 
increases the so-called improduc t ive capital. I would be 
grr..teful to the lecturer if he could tell us in what ratio 
the sum of the unproductive and productive capital is re- 
duced by suitrable eci^ipment. It mi/;ht be still more dif- 
ficult to answer tho second question, as to whether tlie 
cost reduction of a piece is due simply to the familiar- 
ization of tho worker with the production m.ethod, or in 
what proportion it is ascribable to the equipment. I 
would appreciate having Dr. Hohrbach give us further infor- 
mation on this point, 

S n g _i n e e r S c h r e_n k . - T*hus far nothing has been said to- 
day concerning an important method of joining ste.^.l parts, 
na^mely, by welding, 

I have just come from the welding session of the 
T,d. (Yerein Teutscher Ingenieure) in Hamburg, where I 
learned how the process of welding is continually making 
progress in all fields of mechanical construction. It is 
by no means new in airplane construction. (See I\',A,O.A, 
Technical Hexnorandum lie. 453, "Welding in Airplane Con- 
struction," by A. Hechtlich and M. Schrenk.) 

Tho advantages of welding are obvious, namely, the 
possibility of making the most difficult junctions with a 
minimiim increase in weight, especially of joining tribes 
in t:.e simplest way imaginable without increase in weight, 
and the economy of this method. 

Many persons, however, entertain serious doubts as to 
the advisability of welding in airplane construction. They 
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all due to considerations Te[i;p.TdinQ the suitability of the 
material, tut that it is simply a question of the diffi- 
culty of obtaining wood in war time. In the event of war, 
however, the quicker and cheaper supply of v/ooden airplanes, 
in comparison with the use of metal, would play a decisive 
role, since the possible longer life of metal airpla^nes 
wo.xild be more than offset by their rapid destruction and 
by the types becoming obsolete, 

2* The greater cost of a metal airplane cannot be 
due alone to the extensive preliminary work of a construc- 
tive nature. This is demonstrated by the fact that, in 
metal construction, the necessity of further division of 
the striicture into many small parts directly affects the 
wprkin^g times even in quantity production, For obvious 
reasons Dr* Rohroach does not give the absolute working 
times in metal construction, so that no direct comparison 
is pos.sible in this respect. An approximate idea can be 
obtained, however, from the prices of similar airplanes 
b^iilt- on about the same scale, ■ This applies, for example, 
to the Junkers K 16 and the Focke-Wxilf A 16, the sale 
prices of which bear approximately the ratio of 2:1. 

3^ As regards weight, wood construction still has the 
advantage, naturally with. the fulfillment of the same 
strength requirements. Here also we can compare Junkers 
K 18 and Focko-;7ulf A 16. lith the si^ine engine .(75 hp 
Siemans) the K 16 carries on'i.y one pilot and two passen- 
gers and has a correspondingly smaller wing area than 'the 
A 16, which carries one pilot and three passengers at a 
somewhat higher speed,, ITev^:jr thel e s s , the ratio of the 
dead load to the pay load is about the same for both air- 
plane s^ 

4t One of the fundamental faults which can be imput- 
ed to the light metals of to-day, is their fatigability 
under varying stresses, though the danger from this phe- 
nomenon has always been contested, especially in Germany, 
but without any count er- evi dence • American and Dutch ex- 
periments show that, under, some circumstances, the figures 
.obtained for varying stresses (vibration strength) are on- 
ly 4:Ofo of those for static loading. Though Dr. Rohrbach 
says that fatigue phenomena were observed only above the 
proportionality limit, there always remains the considera- 
tion that no absolute definition of the proportionality 
limit can be made for • any material . It has been found 
the.t acciirate measurements enaJole the recognition of very 



IT.A.C.A. Tecimical lie mo ran dura ITo . 515 



29 



warping, the only other consideration in connection with, 
wood i.s the actual chemical changes or, in other words, 
the various hinds oi fo^ilnesso Proliahly every one will 
adrait, however, that even under the nost tinf avor able con- 
.ditions (outs-ide the tropics) any real foulness can be 
prevented for decades by suitable protective measures, 
?or comparison it is not fair to use the still existing 
wooden airplanes from the time of the war, whose protect- 
ing coats v;ere alm.ost always very inadequate, due to the 
hasty war-time productiono 

60 wood, of course, always has one other defect, 
•namely, the lack of uniform strength. This results in a 
greater weight than would otherwise be necessary. This 
defect does not signify, however, becr.use a,ny weight com- 
parison still favors wood, 

7. Fir eproof ne s s is always claimed as an advantage 
of metal. Experience has shown, however, that the fire 
hazards of a/ii airplane are not determined by the building 
material but by the engine fuel. So long as such inflam- 
mable iLiels must be used,- the danger, in case of fire, 
will consist in the -large amount of fuel on board. The 
simi?.l t aneous burning of a few wooden parts does not appre- 
ciably affect the catastrophe. 

8« If the problems of fatigue, corrosion and cost 
were all satisfactorily solved, I would immediately advo- 
cate metal construction,. Furthermore, it cannot be denied 
that the preference for metal construction does not rest 
alone on technical grounds^ Tlie engineer has a certain 
instinctive fear of working with unfamiliar materials. 
From the laity, which in this case is the flying publ^ic , 
\-jQ often hear such expressions as "I/Ietal does not go/ smash. 

It may also be added that, with a metal covering, the 
alwa.ys ne c e s sary ;ext ernal stiff eners (e.g., corrugations) 
have*^, according to the latest experiments, a very unfav- 
orable aerodynamic effect, in that they increase^ the drag 
by retaining the boundary layer of air. Such stiffeners 
are "oractically indispensable, however, with the necessary 
thinness of the metal covering. To shift them to the in- 
side would involve gre^.t difficulties of a constructive 
nature. 

I ho.vc tried to explain briefly why wood airplanes 
are at least not yet entirely obsolete and still compare 
favorably with metal ones for many uses. 
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that I aia of the opinion that duralumin is hotter in a 
series of cases where !.:r • ITeubert thinks steel should he 
prof err ed t 

It would tf?>:e too much time to discuss all these de- 
tails, which, after all, can he satisfactorily settled 
only "by the experience of the next few years. 



Translation hy Dwight lU i.Iiner, 
national Advisory Committee 
for Aeron au t i c s • 
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